We have isolated the zebrafish ziro7 gene, a novel, divergent member of the Iroquois family. ziro7 is expressed at early epiboly stages in the dorsal half of the zebrafish embryo, with a higher level in the dorso-lateral margin. From mid-gastrulation stages onward, ziro7 is expressed in a large transversal stripe in the future neural plate, which subsequently divides into thinner stripes located in the diencephalon, midbrain and hindbrain. q
Results
Iroquois genes encode homeobox transcription factors of the three amino acid loop extension (TALE) superclass (Burglin, 1997) . In Drosophila, three iroquois genes are organised into a complex and are involved in several embryonic patterning processes Grillenzoni et al., 1998; Cavodeassi et al., 1999; Diez del Corral et al., 1999; Yang et al., 1999; and references therein) . Several iroquois genes have been isolated in vertebrates. They have been implicated in organiser and neural plate formation, activation of proneural genes like Xash3 and Xngnr1, and heart chamber specification (Bellefroid et al., 1998; Gomez-Skarmeta et al., 1998; Bao et al., 1999; Gomez-Skarmeta et al., 2001; Kudoh and Dawid, 2001 ). In the mouse, the six known iroquois genes, named irx1 to irx6, are organised in two cognate clusters (Bosse et al., 2000; Peters et al., 2000) . Three zebrafish iroquois genes, belonging to orthologous groups 1, 3 and 5, have been isolated so far (Tan et al., 1999; Wang et al., 2001) .
Here we present the sequence and expression pattern of a novel zebrafish gene of the iroquois family. This gene was named ziro7 because it could not be assigned to any of the six known iroquois orthologous groups (see below). ziro7 was isolated in a large-scale in situ hybridisation (ISH) screen of random zebrafish cDNA clones for spatially restricted expression patterns during early embryogenesis (B. Thisse and C. Thisse, unpublished data). The nucleotide sequence of the ziro7 cDNA, and the deduced amino acid sequence, are shown in Fig. 1A . The cDNA encodes a protein of 313 amino acids, with a homeodomain and a Cterminal IRO-box characteristic of the iroquois family. The IRO-box of ziro7 presents 100% amino acid identity with those of the iro1 and iro3 orthologous groups. However, the ziro7 homeodomain presents only 87.5-89% identity with those of its closest relatives, the proteins of the iro3 group, and is divergent at several positions conserved in all iroquois homeodomains (Fig. 1B) . No significant conservation with other iroquois genes was found outside of these two conserved domains.
ziro7 is first expressed uniformly in the blastoderm at sphere-dome stage (4 h post fertilisation (hpf), data not shown). No expression was detected before this stage, by ISH or reverse transcriptase-polymerase chain reaction (RT-PCR) (data not shown). From 30% epiboly to shield stage ( Fig. 2A,B) , ziro7 expression progressively restricts to the dorsal part of the blastoderm. It becomes stronger in the dorsal marginal zone, especially in two lateral regions surrounding the most dorsal domain, the future embryonic shield ( Fig. 2A,B ). This domain, marked by goosecoid (gsc) expression (Stachel et al., 1993; Schulte-Merker et al., 1994; Thisse et al., 1994) , does not express ziro7 ( Fig. 2A,B) . At 60% epiboly, ziro7 is still expressed in the dorso-lateral part of the embryo, but is now excluded from the marginal region (Fig. 2C,D) . Fate map of the early gastrula zebrafish (01)00531-7 www.elsevier.com/locate/modo embryo indicates that this domain corresponds to the prospective neural plate (Kimmel et al., 1990) . At 75-80% epiboly, ziro7 expression in the future neural plate restricts to a large bilateral stripe (Fig. 2E ). Parasagittal sections showed that ziro7 is expressed mainly in epiblast cells at this stage (Fig. 2F) . Fig. 2 . ziro7 expression at epiboly stages. (A) A 40% epiboly (5 hpf) embryo stained for ziro7 (purple) and gsc (orange). Strong ziro7 expression is located at the dorsal margin, but is excluded from the most dorsal marginal cells that express gsc. (B) Dorsal view of a shield stage (6 hpf) embryo stained for ziro7. (C, D) A 60% epiboly (7 hpf) embryo stained for ziro7 (purple) and gsc (orange). At this stage, ziro7 is expressed in the dorsal part of the embryo, but not in the most dorsal region (marked by gsc expression in the prechordal plate). It is not expressed in cells close to the margin (arrowheads in D). (E) An 80% epiboly (8.5 hpf) embryo showing ziro7 expression in a large stripe on either side of the dorsal midline. (F) Parasagittal section of an 80% epiboly embryo, showing that strong ziro7 expression is found mainly in the epiblast. An, animal; Vg, vegetal; D, dorsal; V, ventral; Sh, shield. (Frohman, 1993) . The 64 aa encompassing the homeodomain are indicated by a grey box, and the 12 aa of the IRO-box are indicated by a white box. The dotted box indicates a region rich in acidic residues, also found in other iroquois proteins.
The sequence of ziro7 has been deposited in the Genbank database under the accession number AF398433. The sequence of nucleotides 481-1028 of ziro7 is identical to that of the zebrafish EST number AI666973. (B) Alignment of the ziro7 homeodomain with the predicted homeodomains of several genes of the iroquois family: Drosophila araucan (ara), caupolican (caup) and mirror (mirr) McNeill et al., 1997) , Xenopus Xiro1, Xiro2 and Xiro3 (Bellefroid et al., 1998; Gomez-Skarmeta et al., 1998) , mouse Irx1-6 (Bosse et al., 1997 (Bosse et al., , 2000 Bruneau et al., 2000; Cohen et al., 2000; Peters et al., 2000) , chick Irx2, 3 and 4 (Bao et al., 1999; Funayama et al., 1999; Goriely et al., 1999) , and zebrafish ziro1, 3 and 5 (Tan et al., 1999; Wang et al., 2001 ). The aa that differ from the consensus aa sequence are shown in light grey boxes. The aa that are divergent in ziro7 compared to all other iroquois homeodomains are in dark grey boxes. ziro7 is expressed in the paraxial mesoderm on both sides of the notochord. (D) A 3s stage embryo stained for ziro7 (purple) and krx20 (orange). The posterior stripe of ziro7 expression encompasses the territories where krx20 expression is activated, and therefore corresponds to prospective rhombomeres 3-5 (Oxtoby and Jowett, 1993) . The arrow indicates the longitudinal stripe of ziro7 expression lateral to the neural plate. (E) An 8-10s stage embryo, stained for ziro7 and krx20. Three transversal stripes of ziro7 expression are conspicuous in the brain. The hindbrain stripe becomes fainter in r3 and r5. (F) A flat mounted embryo at the 10s stage stained by ziro7 (purple) and pax2.1 (orange). Note that the second stripe abuts and extends anterior to the midbrain-hindbrain boundary marked by pax2.1 expression. ziro7 expression is also detected in two longitudinal stripes lateral to the midbrain (arrow). , dorsal; V, ventral; di, diencephalon; e, eyes; mb, midbrain; mdb, mid-diencephalic boundary; mhb, midbrain-hindbrain boundary; n, notochord; ot, otic placode; pa1, first pharyngeal arch; r, rhombomere; ve, ventricle. From the 1 somite (s) stage onward, the large stripe of ziro7 expression in the neural plate divides into two stripes (Fig.  3A,B) . The posterior stripe is in the hindbrain, covering prospective rhombomeres (r) 3-5, as indicated by double labelling with krx20, expressed in future r3 and r5 (Oxtoby and Jowett, 1993) (Fig. 3D) . It progressively restricts to r4 (Fig. 3E,F) and disappears around the 15s stage. The anterior stripe encompasses and extends anteriorly to the pax2.1 expression domain in the posterior midbrain (Fig. 3A) . At the 8-10s stage, this anterior stripe further resolves into two stripes (Fig. 3E,F) , one located in the midbrain, just anterior to the midbrain-hindbrain boundary marked by the expression of pax2.1 (Fig. 3F) (Krauss et al., 1991) , and the other corresponding to the mid-diencephalic boundary (mdb) (arrowhead in Fig. 3E ). The localisation of the most anterior stripe at the mdb was confirmed in 16s (data not shown) and 24 hpf (Fig. 3G) embryos by double staining with sonic hedgehog (shh) (Krauss et al., 1993) , whose expression presents a dorsal indentation at this boundary (arrowhead in Fig. 3G ) (Macdonald et al., 1994) . At 24 hpf, ziro7 expression is restricted dorsally at the level of the mdb and is found around the ventricle in the midbrain (Fig. 3G,H) . By 48 hpf, ziro7 expression restricts to the midbrain (Fig. 3I) .
ziro7 is also expressed in a few sites outside the brain. At the 1-3s stage, it is expressed at the level of the hindbrain in two longitudinal stripes of paraxial mesoderm (Fig. 3B,C) , and in two stripes lateral to the neural plate (arrows in Fig.  3B,D) . Lateral expression persists at the level of the midbrain and hindbrain in 8-12s embryos (arrows in Fig. 3E,F) . Later, from the 15s stage onward, ziro7 is expressed in ventral and lateral mesendoderm at the level of the posterior hindbrain and anterior spinal cord (arrow in Fig. 3G ). At 48 hpf, ziro7 is strongly expressed in the first pharyngeal arch (Fig. 3I,J) .
In conclusion, the sequence and expression pattern of ziro7 suggest that it corresponds to a novel member of the iroquois family whose ortholog in other vertebrates has not been isolated so far.
